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Abstract 
Use of I-pyrenyldiazomethane (PDAM) for derivatizing short-chain fatty acids (SCFA) 
is a successful way to analyze complex SCF A samples quickly and with minimal sample 
preparation. The costs associated with ordering PDAM from a commercial source can be 
high, typically more than $300 not including shipping costs. This project developed a 
simple two-step synthesis procedure that can be used in undergraduate chemistry 
laboratories. We found that the PDAM produced by this procedure is pure enough to use 
for our derivatization needs without further purification. This synthesis can be used to 
further explore the use of PDAM for fast and simple analysis of SCF A without excessive 
material costs. 
I. Introduction 
The human body is host to thousands of bacteria cells, mainly concentrated in the 
gastrointestinal system (Gl). Some estimates indicate that 90% - 95% of the bacteria in 
the body are located in the colon. As the bacteria digest nutrients, they produce short-
chain fatty acids (SCF As). These organic acids are involved in regulatory processes of 
the Gl tract such as water and electrolyte absorption (1). An individual with an imbalance 
or low concentration of intestinal bacteria may have an increased risk of inflammatory 
bowel disease, colon cancer, obesity and types 1 and 2 diabetes, mainly because of the 
changes in SCFA presence in the digestive system (2, 3). Monitoring SCFA in an 
individual exhibiting symptoms of any of the above conditions may ultimately help 
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diagnose a specific disease or evaluate the efficiency of a treatment (3). 
Analysis of SCFAs in biological samples is complicated by extremely complex 
matrices. Accordingly, many methods of analysis have been developed. Direct sample 
injection without pretreatment for gas chromatographic analysis has been successful for 
some volatile fatty acids, though carryover in the injection port and peak tailing proved to 
be problematic. (4, 5, 6, 7,8,9) Capillary electrophoresis (CE) has been used for the 
determination of SCFAs in a variety of environmental and biological samples without 
sample pretreatment. (10, II, 12, 13, 14, 15) More commonly, SCFAs are extracted prior 
to analysis using methods such as solid phase microextraction (16), single-drop 
microextraction (17), hollow fibre liquid-phase microextraction (18), high-throughput 
syringe solvent exh'action (19) Rose-Gottlieb (20) and Folsch (21) extraction, and a 
number of other methods (22). Chemical derivatization of SCFAs is routine; the resulting 
analyses often yield greater sensitivity and lower limits of detection than for 
underivatized acids. Common strategies include alkylation, acylation, silylation, or 
esterification followed by gas or liquid chromatography, or electrophoresis (23, 24, 25, 
26,27, 28, 29). A large number of fluorescent reagents have been developed as well (30), 
including I-pyrenyldiazomethane (PDAM), which has been used widely for analysis of 
biological samples.(31, 32, 33, 34, 35, 36, 37, 38). 
Derivatization of SCFA samples by attaching PDAM can aid in recovering the 
SCFA's from the matrix and give better sensitivity and limits of detection. This reaction 
is simple, rapid, and easily performed in a small vial at room temperahne (31, 32, 33, 34, 
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35, 36, 37, 38). Unfortunately, PDAM itself can be costly to obtain, with some 
distributors charging more than $300 for less than I g of material. Additionally, the 
molecule can degrade from exposure to light and heat (39). Any unused PDAM from one 
derivatization could go to waste if improperly stored. 
The synthesis method proposed here can be used to make PDAM on demand in 
practically any organic chemistry laboratory. All of the techniques used can be mastered 
quickly by an undergraduate chemistry student, allowing students to get involved in 
SCFA projects and gain experience with multi-step synthesis methods and saving the 
program money by reducing the need to order and ship pre-made PDAM from an outside 
source. 
The general form of the synthesis is based on information found in (31) and is 
shown in Figure I. The first step utilizes the aldehyde group of pyrenecarboxaldehyde to 
create a hydrazone from hydrazine monohydrate. The second step oxidizes the 
pyrenecarboxaldehyde hydrazone (PCR) with manganese dioxide to form the final 
product, I-pyrenyldiazomethane (PDAM). 
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Figure 1: The synthesis begins with pyrenecarboxaldehyde. Using hydrazine 
monohydrate, the aldehyde group is converted to a hydrazone. The 
pyrenecarboxaldehyde hydrazone is oxidized to give I-pyrenyldiazomethane. 
II. Methods and Materials 
1. Materials 
Reagents used were obtained from Sigma-Aldrich and Fisher distributors at the 
highest purities. Details about each reagent are listed in Table 1. 
Table 1: Reagents, Distributor, Particle Size (if applicable) and Purity. 
Compound !Distributor Particle Size !Purity 
Hydrazine Monohydrate Sigma-Aldrich ~/A Reagent Grade 
Pyrenecarboxaldehyde Sigma-Aldrich ~ ot Specified 99% 
Manganese Dioxide Sigma-Aldrich < 5 f.lm activated 85% 
!Ethanol Fisher ~/A ~bsolute 
!Diethyl Ether Fisher ~/A Reagent Grade 
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Note that activated manganese dioxide was used. 
2. Instruments 
All nuclear magnetic resonance (NMR) spectra were obtained from an Oxford 
NMR AS400 with a field strength of approximately 9.3897 T operating at a frequency of 
400 MHz. 
Fluorescence spectra were obtained using a Jasco FP-6300 Spectrofluorometer 
with an excitation wavelength of340 om, excitation and emission bandwidths of2.5 om, 
a data pitch of 0.5 om, and a scanning speed of200 nm/min. 
3. Step 1: Formation of Pyrenecarboxaldehyde Hydrazone 
A 10% scale of the procedure used by Nimura et al. was used for these 
experiments (31). In a small vial, approximately 0.5 g pyrenecarboxaldehyde and 0.34 g 
hydrazine monohydrate were added to 8-10 mL of pure ethanol. The mixture was stirred 
by magnetic stir plate for three hOUTS. The solution was filtered by vacuum and collected 
for recrystallization. This crude pyrenecarboxaldehyde hydrazone was recrystallized 
using various solvents and collected again by vacuum recrystallization. The recrystallized 
pyrenecarboxaldehyde hydrazone was left to dry on a watch-glass overnight. The yield 
was approximately 0.4 g pyrenecarboxaldehyde hydrazone. 
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3.1 Solvent Analysis 
Several solvents were examined for use in the fonnation ofpyrenecarboxaldehyde 
hydrazone (PCB) from pyrenecarboxaldehyde and hydrazine monohydrate (Figure 1, 
Step I). The particular solvents and their boiling points are shown in Table 2 were used 
as a solvent for Step 1 and for recrystallization ofPCH. 
Table 2: Name and boiling point of solvents used in analysis 
Solvent Boiling Point (0C) 
Diethyl Ether 34.60 
Ethanol 78.37 
IEthyl acetate 77.10 
Methanol 65.00 
Toluene 1l0.6 
Water 100.00 
4. Step 2: Preparation of PDAM from PCH 
Approximately 0.2 g of the pyrenecarboxaldehyde hydrazone and 0.65 g activated 
manganese dioxide were added to 30-50 mL of dry ether. The solution was sonicated for 
two hours and the manganese dioxide removed via gravity filtration. The resulting 
solution was a suspension of l-pyrenyldiazomethane in ether. Allowing the solution to 
evaporate completely gave about 0.1 g l-pyrenyldiazomethane as reddish-brown crystals. 
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III. Results 
1. Step 1 
Results from the solvent analysis and obtained spectra were used to adjust the 
reaction conditions of the first step as well as determine the success of the reaction. 
1.1 Solvent Analysis 
Table 3 shows the exact masses of reagents used for the solvent analysis study 
along with the mass ofPCH obtained before and after recrystallization. 
Table 3: Masses of reagents and products for Step 1 solvent analysis 
Solvent Pyrenecarbox- Hydrazine CrudePCH Recrystallized 
aldehyde Monohydrate PCB 
Diethyl Ether 0.507 g 0.349 g 0.708 g ---
Ethanol 0.494 g 0.336 g 1.448 g 0.925 g 
Ethyl acetate 0.498 g 0.346 g 0.691 g 0.122 g 
Methanol 0.500 g 0.347 g 1.063 g 0.942 g 
Toluene 0.499 g 0.340 g 1.227 g 0.488 g 
Water 0.498 g 0.343 g 0.864 g 0.674 g 
It appears that all reactions gave PCR. However, it was determined that the 
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reagents did not fully react in water most likely due to low solubility of the 
pyrenecarboxaldehyde. The reason for the low yield from the ethyl acetate is 
undetermined, but may also be due to solubility issues. Diethyl ether evaporated too 
quickly to be used as a solvent for the first step. 
Methanol, ethanol, and toluene all gave over 1 g ofPCR, likely because they are 
polar organic solvents so the pyrenecarboxaldehyde would easily dissolve. Success with 
ethanol was expected based on previous publications (31) and gave the most crude 
product. 
Toluene, ethyl acetate, and water had significant sample loss during 
recrystallization. Diethyl ether evaporated too quickly to complete any recrystallization. 
Ethanol and methanol had the least sample loss and were easiest to work with for 
recrystallization. 
Ethanol was used as the solvent for all subsequent reactions because it gave the 
highest yield of crude PCR, was easy to work with during recrystallization, and was less 
expensive and easier to dispose ofthan toluene. 
1.2 Spectroscopic Analysis 
Success of step I of the synthesis reaction was detelmined by nuclear magnetic 
resonance (NMR) image comparison of the reactants and products. 
Figure 2 shows the Rl NMR of pyrenecarboxaldehyde. Note the aldehyde proton 
at 10.75 ppm and the peaks of the conjugated pyrene group from 8 to 9 ppm. During step 
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1 of the synthesis, the aldehyde on the pyrenecarboxaldehyde should be converted to a 
hydrazone. This would correspond to disappearance of the aldehyde peak on the NMR. 
The pyrene group should remain unchanged. 
Figure 2: HI NMR spectrum of pyrenecarboxaldehyde. Important peaks are the aldehyde 
peak at 10.75 ppm and the pyrene peaks from 8-9 ppm. Success of the first step of the 
synthesis would correspond to the aldehyde peak disappearing and the pyrene peaks 
remaining unchanged 
The HI NMR image ofhydrazine monohydrate (Figure 3) shows several water 
and solvent peaks, and also the N-H peak at 4.6 ppm. After the aldehyde on the 
pyrenecarboxaldehyde is converted to a hydrazone, the N-H peak should disappear. 
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Figure 3: Hi NMR spectrum ofhydrazine monohydrate. Note the N-H peak at 4.6 
ppm. All other peaks are attributed to solvents or water in the sample tube. For the 
first step of the synthesis to be considered successful, the N-H peak should 
disappear. 
The NMR spectrum of the crude peR from recrystallization in ethanol is shown 
in Figure 4. Note the peak at 5.8 ppm, descriptive of a hydrazone. Also, the pyrene peaks 
appear from 8-9 ppm. These were identified in the pyrenccarboxaldehyde NMR spectrum 
in Figure 2, and are unchanged as expected. The reduced aldehyde peak at 10.75 ppm 
seems to indicate that some reagent remains in the product. 
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Figure 4: NMR Spectrum of crude peH. Note the aldehyde peak at 10.75 ppm, similar 
to Figure 3. 
Crude PCH was synthesized and recrystallized with ethanol several times with 
similar results. The proton NMR spectrum of the purified product after recrystallization 
in ethanol is shown in Figure 5. There was little to no change in the NMR spectra, 
indicating no change in sample purity between the crude and recrystallized PCH (Figures 
4 and 5). Recrystallization resulted in large sample loss without improving purity. 
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Figure 5: HI NMR spectrum of purified peH. Note the reduction of the N-H peak from 
the hydrazine (see Figure 3) and of the aldehyde peak (see Figure 2). These imply the 
first step of the reaction was successful but imply some residual starting materials. As 
expected the pyrene group (see Figure 3) was unaltered 
2. Step 2 
The oxidation of the pyrenecarboxaldehyde hydrazone (peH) (see step 2 in 
Figure 1) produced PDAM as determined by NMR spectroscopic analysis and the yield 
of step 2 was determined. 
2.1 Mass of PDAM produced and reaction yield 
Two batches ofPDAM were successfully produced via the synthesis shown in 
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Figure 1. Table 4 shows the masses of (PCH) and manganese dioxide used to complete 
step 2 of the synthesis and the mass ofPDAM produced. 
Table 4: Masses of reagents and PDAM produced from oxidation (step 2) 
PCH Manganese Dioxide PDAM produced 
0.2701 g 0.6615 g 0.07588 g 
0.1968 g 0.6739 g 0.0988 g 
The synthesized PDAM was obtained as rust-red crystals after the diethyl ether 
solvent evaporated completely. The mass ofPDAM obtained from Trial 1 is artificially 
low because some of the crystals were removed for NMR analysis before weighing the 
sample. Based on results from Trial 2, the yield of the reaction is approximately 19%. 
2.2 Spectroscopic Analysis 
The HI NMR spectrum of the synthesized PDAM is shown in Figure 6. Note the 
reduction in the N-H peak from the PCH (see Figure 5) which implies additional 
conjugation and formation ofthe diazo group. There remain some peaks from the 
aldehyde at 10.75 ppm and also diethyl ether at approximately 1.1 ppm and 3.5 ppm 
which would imply residual starting materials and solvent in the PDAM crystals. The 
pyrcne group at 8-9 ppm remained unchanged from previous spectra, Figures 2 and 4, as 
anticipated. 
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Figure 6: H1 NMR spectrum of the N-H peak 
(from Figure 5) which shows the increased corifugation and formation of the diazo 
group. Some peaks from the aldehyde at 10.75 and diethyl ether at approximately 1.1 
ppm and 3.5 ppm show some starting materials and solvent may be trapped in the PDAM 
crystals. However, the pyrene group remained unchanged (see Figures 2 and 4) as 
Pyrenecarboxaldehyde and syothesized PDAM were analyzed using fluorescence 
spectroscopy to confinn the success of the reaction. The fluorescence spectrum obtained 
from pyrenecarboxaldehyde (PCA) is shown in Figure 7. The fluorescence intensity 
steadily increases over a wavelength range of approximately 380 nm through 405 nm, 
where a maximum is observed. This matches fluorescence spectra previously observed 
for PCA (42), and is significantly different than the fluorescence spectrum collected 
under the same conditions for PDAM (Figure 8). Using an excitation wavelength of340 
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· , 
run, PDAM has a fluorescence maximum at approximately 395 run (35), which is clearly 
evident on the spectrum ofPDAM in Figure 8. 
18 
, , 
~ • .-.;-----------------.,--.. ""'~-",."",._'~m_." .. "'/"' .. " d"'?'"/ "".;I'!,,,.E:'l!:~"' __ "',""':""'_w ... -.~~.,-=.: 
, 7 Y " 
>,/". . 
~: ,~-=~-~-~-~:-~-~~·7-:f:i=~-=~~-
,/z 
--..>- . 
~« ""~~'::-::::~''''~;:''''~'''''''~''''''''-':=':-;-''''''-'~:'~!~~t''~';;"r"t""""-~-'"'---"'" 
w........;,_~~l 
Figure 7: The fluorescence spectrum of pyrenecarboxaldehyde in ethyl acetate. Note 
there is a maximum at a wavelength of approximately 405 nm, from an excitation 
wavelength of 340 nm, 
Figure 8: The fluorescence spectrum of PDAM in ethyl acetate. There is an emission 
maximum at 395 nm, from an excitation wavelength of 340 nm. 
The synthesized PDAM was used to derivatize standards of butyric acid, and 
fluorescence spectra were obtained for the solutions of the pyrenyl esters (Figure 9), 
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Figure 9: Thejluorescence spectra o/pyrenyl esters o/butyric acid in ethyl acetate. The 
concentrations o/butyric acid prior to derivatization were from 1 to 10 ppm. The 
emission maxima appear at 395 nmfrom an excitation wavelength 0/340 nm. 
A calibration curve, shown in Figure 10, was created from the fluorescence 
intensities at 395 nm. The fluorescence intensity over the range 1 to 10 ppm of the 
pyrenyl derivative was approximately linear, indicating that the purity of the synthesized 
PDAM was sufficient for derivatization of butyric acid. 
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Figure 10: Calibration curve for synthesized P DAM Results were approximately linear, 
indicating effoctive PDAM purity as a derivatizing agent for butyric acid. 
PDAM from recrystallized PCH was pure enough to be used in derivatization 
reactions without further purification. Because the recrystallization of PCH generated 
little to no improvements to PCH purity, it seems reasonable that the recrystallization of 
PCH is not necessary and wouldn't affect the purity ofPDAM. However, purity of 
PDAM synthesized from crude PCH was not cxamined but is likely not to affect thc yield 
or purity of the PDAM created. Reclystallization ofPDAM was deemed unnecessaJY 
because it had already been successfully used in derivatization reactions. It also seemed 
likely that based on the results ofPCH recrystallization, reclystallizing PDAM would 
result in large sample loss and minimal or no improvement to purity. 
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IV. Conclusions 
1. Step 1 
From the solvent analysis it was determined that ethanol was the optimal solvent 
for step 1 ofthe synthesis in which peA and hydrazine monohydrate are used to create 
peR. Using NMR spectroscopy, it was determined that step 1 successfully produced 
peH based on changes in key peaks on the HI NMR spectra. It was also determined via 
NMR spectroscopy that recrystallization did not improve peH purity and so was 
unnecessary after step 1. However, the affect of using crude product on the mass and 
purity of synthesized PDAM was not examined. 
2. Step 2 
PDAM was successfully produced from the intermediate product using the 
synthesis outlined in Figure 1. The yield of the reaction was low, 19%, but PDAM was 
produced in sufficient quantities to use for derivatization of short-chain fatty acid samples 
in ethyl acetate. The purity of the product was high enough to be used successfully as a 
derivatizing agent for these short-chain fatty acid samples. 
Nimura et al. (31) claim an 85% yield of PDAM from this procedure. The yield in 
our procedure may be low from the smaller scale or purity and particle size of the 
manganese dioxide. The article doesn't specifY the particle size of manganese dioxide 
used to complete the reaction. 
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v. Appendix: Practical Lab Procedure 
Overview of synthesis reaction: 
The diazo group reacts with carboxylic acids on the short-chain fatty acids in samples. 
Removal ofthis polar group from the PDAM makes the compound insoluble, moving it 
into the headspace where it can be readily collected by gas-tight syringe. 
Supplies 
Reagents 
0.5 g Pyrenecarboxaldehyde 
0.34 g Hydrazine 
Monohydrate 
o. 65 g Activated 
Manganese Dioxide 
About 15 mL Absolute 
Ethanol 
5. Anhydrous Ether 
Detailed Procedure: 
1. To small vial add: 
Glassware 
Small vial (-10 mL 
capacity) 
200 mL beaker 
Other Equipment 
StirlHeat Plate 
Small Stir Bar 
Vacuum Filtration Aparatus Glass Filter 
Buchner Funnel 
Watch Glass 
Funnel 
200mL flask 
Paper Filter 
Sonicator 
• 0.5 g pyrenecarboxaldehyde 
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• 0.34 g hydrazine monohydrate 
• 8 mL absolute ethanol 
• small stir bar 
2. Stir at room temperature for -3 hours 
3. Separate via suction filtration, wash with ethanol 
4. Allow intermediate compound (pyrenecarboxaldehyde hydrazone) to dry on 
watch glass 
5. To beaker add: 
• 
• 
• 
0.2 g pyrenecarboxaldehyde hydrazone 
0.65 g activated manganese dioxide 
50 mL anhydrous diethyl ether 
6. In sonicator, mix ice and water into slurry-like mixture 
7. Place beaker into sonicator, cover top with a watch glass or other vented cover 
8. Sonicate solution for -90 minutes, checking frequently that the ether has not 
evaporated completely. Add more ether if necessary 
9. Separate manganese dioxide from product by gravity filtration. PDAM will be 
suspended in the ether solution 
10. Put the beaker in a dark place and allow the ether to dry 
11. Collect PDAM crystals from the beaker. Place in a small vial, wrap in foil and 
freeze until use 
30 
